Abstract. To assess and compare the efficacy and safety of insulin glargine as intensive replacement of basal insulin in Japanese patients with type 1 (n = 72) and type 2 (n = 46) diabetes, we switched their intensive insulin regimen from NPH plus regular or rapid-acting insulin to glargine plus bolus insulin, which included regular and rapid-acting insulin, and recorded changes in glycemic control and frequency of hypoglycemia for 18 months. The dose titration of basal and bolus insulin was based on home self-monitored blood glucose measurements and monthly HbA 1C . Mean HbA 1C level was improved significantly at 3 months after switching to glargine plus bolus insulin regimen and these effects continued for 18 months in both type 1 and type 2 diabetes patients (HbA 1C level: type 1: baseline 8.9 ± 2.6%, 18 months 7.8 ± 1.5% (p<0.05), type 2: baseline 8.2 ± 2.6%, 18 months 7.7 ± 1.5%. Body weight was slightly but significantly increased at 18 months only in type 2 diabetes. Total daily bolus insulin doses were not changed but basal insulin could be increased significantly after switching regimens in both types diabetes compared with baseline. The frequency of mild to moderate hypoglycemia (self-assisted episodes, blood glucose <70 mg/dl) was marginally lower with glargine but not significantly. Self-monitored fasting blood glucose level was significantly improved after switching in type 2 diabetes. Patients with the worst HbA 1C level at baseline exhibited more than 10% improvement in HbA 1C level after switching both type 1 and type 2 diabetes. The HbA 1C levels of the effectively treated patients were comparable to those of ineffectively treated ones at 6 months and the same improvement was seen at 18 months. Our results suggested that insulin glargine is more effective than NPH insulin as intensive replacement of basal insulin, particularly in those Japanese patients with difficult glycemic control with NPH insulin, equally in both type 1 and type 2 diabetes.
DEVELOPMENT of recombinant DNA technology has allowed the design of insulin analogues that provide more physiological insulin supplement therapy for both type 1 and type 2 diabetic patients. Regimens containing these insulin analogues are now expected to improve glycemic control and play an important role in preventing chronic complications of diabetes mellitus.
Glargine is a long-acting insulin analogue designed with long bioavailability and prolonged duration of action, which is based on modification of isoelectric point, resulting in precipitation at neutral tissue pH and consequent delayed absorption. Consistent with these features of insulin glargine, it has been reported that this insulin has a 24-h time-action profile without a pronounced peak, resulting in enhanced stabilization of glycemic control and reduced chance of hypoglycemia in type 1 diabetes patients in American and European populations [1] [2] [3] [4] [5] [6] [7] [8] [9] . However, only a few studies have reported on the efficacy and safety of glargine as intensive replacement of basal insulin in patients with type 1 and type 2 diabetes mellitus in Asian ethnic populations [10] . In this 18-month study, we switched from using intensive insulin regimen from neutral protamine Hagedorn (NPH) insulin plus regular or rapid-acting insulin to using glargine plus regular or rapid-acting insulin in both type 1 and 2 diabetes Japanese patients and compared changes in glycemic control, frequency of hypoglycemic episodes over the 18-month period, and determined the clinical features of responders to this regimen.
Patients and Methods
This study was planned prospectively and we randomly chose 90 outpatients with type 1 and 60 with type 2 diabetes mellitus who received intensive insulin therapy using rapid-acting or regular insulin and NPH insulin for more than one year at Juntendo University School of Medicine or associated hospitals from 2003 to 2004 and were under fair to bad glycemic condition (HbA 1C ≥6.5%) at least for more than three months even after appropriate diet and exercise therapies. We excluded patients with apparent liver or renal dysfunction, those with chronic inflammatory state, and those with who were seriously ill. All participants were on intensive insulin regimen using three times daily bolus insulin (rapid-acting or regular insulin) and once daily NPH insulin for more than one year. The characteristics of the enrolled type 1 and type 2 diabetes patients who were followed-up for 18 months are listed in Table 1 . Eighteen of 90 type 1 and 14 of 60 type 2 diabetes patients dropped out during the 18-month study due to move to a different location, disability using the insulin device for administration of glargine, or hospital admission for treatment of diseases other than side effects of glargine. Clinical background of these dropped out patients including HbA 1c , total insulin dose, age, and body mass index were not significantly different from those of included ones. Other laboratory tests were within normal limits or showed very small abnormalities. The switching dose of glargine from NPH insulin was similar to that of NPH insulin originally used in each patient. To confirm whether adequate dose of NPH or bolus insulin was used, the doses of those insulins were modified in response to selfmonitored blood glucose level (capillary blood glucose before meals, 1-3 h after meals and at bedtime every week) and HbA 1c levels for 3 months before switching to glargine. Total insulin dose and glycemic control for the period did not change significantly, indicating their glycemic control was stable. Also after switching from NPH to glargine, the doses of both glargine and/or bolus insulin were modified in the same way as before switching. Patients were advised to decrease or increase the dose of basal insulin if fasting blood glucose was reproducibly <100 mg/dl or >140 mg/dl, respectively, decrease or increase the dose of rapid-acting insulin at meals if the post-prandial blood glucose was reproducibly <140 mg/dl or >170 mg/dl, respectively, and adjust the doses of bolus insulin based on postprandial blood glucose level of previous days and episode of hypoglycemia, in addition to the composition and size of meals and physical activity. The doses of insulin glargine, NPH, and bolus insulin were increased or decreased by 1-2 units, if necessary, to meet the target fasting or post-prandial blood glucose level. Hypoglycemia was defined as episodes in which clinical symptoms were associated with self-monitoring confirmed blood glucose level of <60 mg/dl. Hypoglycemia was considered mild when the episodes were self-treated by the patient and severe when the episode required any kind of others' help. All data were expressed as mean ± SD. Differences between groups were examined for statistical significance using the unpaired Student's t-test. A P value less than 0.05 was regarded as statistically significant.
Results
Ninety type 1 and 60 type 2 diabetic outpatients who had been on appropriate diet regimen and intensive insulin therapy including three times daily premeal bolus insulin and once daily bedtime NPH insulin but whose glycemic control were fair to bad (mean HbA 1C 8.9 ± 2.6 for type 1, 8.2 ± 2.2% for type 2), were included in this study. Table 1 summarizes the clinical features of the patients who could complete this part of the study (type 1: n = 72, type 2: n = 46) before switching from NPH insulin to glargine. After three-month dose titration of NPH (see Methods) and steady glycemic control, the once daily NPH insulin injection was switched to insulin glargine using the same dose. Fig. 1 shows changes in HbA 1C levels before and after switching of basal insulin. Baseline HbA 1C levels were 8.9 ± 2.6 in type 1 and 8.2 ± 2.2% in type 2 diabetes respectively. After 3 months of glargine treatment as basal insulin, HbA 1C levels improved significantly in both type 1 and type 2 diabetes patients and this improvement lasted up to 18 months. The mean body weight was slightly but significantly increased at the end of 18 months only in type 2 diabetes but not in type 1 diabetes (Fig. 2) . Total daily bolus insulin dosage did not change significantly between before and after switching regimens in both type 1 and type 2 diabetes patients (Fig. 3) . In both types of diabetes, the daily basal insulin dosage was increased significantly after switching regimens (Fig. 4) . The frequency of mild to moderate hypoglycemia (self-assisted episodes, blood glucose <70 mg/dl) was a little lower with glargine but the difference was not significant (times per month at baseline and after 18 month: type 1: 5.65 ± 6.19 times/ months to 3.33 ± 4.31 times/month, type 2: 3.43 ± 4.99 times/month to 1.66 ± 2.78 times per month). Fasting blood glucose level assessed by self-monitoring was significantly (p<0.01) improved after switching in type 2 diabetes (baseline; 152.3 ± 40.2 mg/dl, 6 months 134.6 ± 50.0 mg/dl, 12 months; 123.3 ± 31.4 mg/dl, 18 months; 128.8 ± 50.2 mg/dl) (those in type 1 diabetes were not analyzed).
We then divided the patients into two groups: the effective group (defined as those patients with more than 10% improvement in HbA 1C at 18 months) and ineffective group (defined as those patients with less than 10% improvement in HbA 1C at 18 months). Twentyeight (type 1) and 16 (type 2) patients showed effective response while the other 44 (type 1) and 30 (type 2) patients constituted the ineffective group. Fig. 5 shows Body weight at baseline, 6 and 18 months (mean ± SD) after switching from NPH insulin with bolus insulin to glargine with bolus insulin in type 1 and type 2 diabetes patients. The increase in body weight at 18 months in type 2 patients was statistically significant from baseline (month 0) (p<0.01). The difference between the two types of diabetes at each time point was not significant.
changes in HbA 1C levels of each group before and after switching of basal insulin in type 1 and type 2 diabetes. Table 2 compares the clinical features of patients of the effective and ineffective groups. The baseline HbA 1C levels of patients (type 1 and type 2) of the effective groups were significantly worse than those of the ineffective groups. None of the other clinical parameters including sex, age, body mass index, annual body weight change before switching glargine (data not shown), diabetic complications, ratio of rapidacting insulin to regular insulin, and serum lipid (data not shown) was significantly different between the two groups, both in type 1 and type 2 diabetics. The duration of diabetes tended to be shorter in the effective group than ineffective group but the difference was not statistically significant. The baseline insulin doses, including bolus, basal, or total insulin, were not significantly different between the two groups. Frequencies of hypoglycemic attack before switching to glargine which may partially means instability of glycemic con- Fig. 3 . Dosage of bolus insulin before and after switching of basal insulin. Dosage of bolus insulin at baseline, 6 and 18 months (mean ± SD) after switching from NPH insulin with bolus insulin to glargine with bolus insulin in type 1 and type 2 diabetes patients. The dosages at 6 and 18 months were not significantly different from baseline (month 0) in both types of diabetes. The difference between the two types of diabetes at each time point was not significant. Fig. 4 . Dosage of basal insulin before and after switching of basal insulin. Dosage of basal insulin at baseline, 6 and 18 months (mean ± SD) after switching from NPH insulin plus bolus insulin to glargine plus bolus insulin in type 1 and type 2 diabetes patients. The dosages at 6 and 18 months were significantly different from baseline (month 0) in both types of diabetes. The difference between the two types of diabetes at each time point was not significant. trol in ineffective patients were a little more than those in effective groups both in type 1 and type 2 diabetics but differences were not significant ( Table 2) . Ratios of diabetic complications were not different between two groups both in type 1 and type 2 diabetics. Patients with severe unconsciousness of hypoglycemia were not included in this study. The data of fasting serum C-peptide were incomplete and no difference was observed between the groups (data not shown). The numbers of patients who were prescribed oral diabetic agents including metformin and alpha-glucosidase inhibitors were very few and no significance were observed between effective and ineffective groups in both type 1 and type 2 diabetics. To examine whether the baseline HbA 1C level could predict the response to insulin glargine, we divided each of type 1 and type 2 diabetes patients into three groups based on the baseline HbA 1C level (≤7.5, >7.5 to 8.5, and >8.5%) and compared the changes in HbA 1C levels before and 18 months after switching of basal insulin (Fig. 6) . In both type 1 and type 2 diabetes patients, the worst HbA 1C tertile groups (>8.5%) showed significant improvements while other groups (≤7.5 and >7.5 to 8.5%) did not. The dosages of basal insulin after switching were significantly increased in the worst tertile group for both type 1 and type 2 diabetes (Fig. 7) ; but no such changes were noted in the other groups for both types of diabetes. Similar to bolus insulin, the dosage of bolus insulin or total insulin, ratio of rapid-acting insulin to regular insulin were not significantly different among the three groups based on HbA 1C level. These results suggest that one can consider switching the intensive insulin regimen to glargine plus bolus insulin at least when glycemic control is inadequate with NPH plus bolus insulin regimen, and increase the basal insulin dose relative to the baseline regardless of the type of diabetes mellitus.
Discussion
The basal and bolus insulin strategy as called "multiple daily insulin therapy" (MDI) is a regimen designed to prevent microvascular complications associated with type 1 [11] and type 2 diabetes [12] . It was reported recently that such intensive diabetes treatment program prevents cardiovascular disease in type 1 diabetes [13] .
Previous studies reported that supplementation of basal insulin is best replaced with continuous subcutaneous insulin infusion (CSII) using an external minipump, compared with NPH insulin or ultralente human insulin [14] [15] . However, in practice, subcutaneous injection of the intermediate-acting NPH insulin is the most commonly used replacement of basal insulin in both type 1 and type 2 diabetes mellitus.
Insulin glargine has a 24-h time-action profile with no pronounced peak, and thus produces a stable glycemic control and can reduce the likelihood of hypoglycemic episodes in type 1 diabetics, as reported in USA HbA 1C at baseline and at 18 months (mean ± SD) in type 1 and type 2 diabetes patients switched from NPH insulin plus bolus insulin to glargine plus bolus insulin. Each group of diabetics was trisected into three groups based on baseline HbA 1C level (≤7.5, >7.5 to 8.5, >8.5%). In both type 1 and type 2 diabetes patients, the worst HbA 1C tertile groups (>8.5% HbA 1C ) showed significant improvement at 18 months (type 1: p<0.05, type 2: p<0.01). Dosages of basal, bolus, or total insulin did not change after switching and were not different among three the groups of both type 1 and type 2 diabetes The difference in HbA 1C between the two types at each time point was not significant. Dosage of basal insulin at baseline and at 18 months (mean ± SD) in type 1 and type 2 diabetes patients switched from NPH insulin plus bolus insulin to glargine plus bolus insulin. Each type of diabetes patients was trisected into three groups based on baseline HbA 1C level (≤7.5, >7.5 to 8.5, >8.5%) and changes dosage of basal insulin were compared. In both type 1 and type 2 diabetes patients, the worst HbA 1C tertile groups (>8.5% HbA 1C ) showed significant increase (type 1: p<0.01, type 2: p<0.01). Dosages of basal, bolus, and total insulin did not change after switching and did not differ among the three groups of both type 1 and type 2 diabetes. HbA 1C at baseline and 18 months in both types were not significant at each time point.
and Europe [1] [2] . In addition to reports on the efficacy and safety of insulin glargine as an intensive replacement of basal insulin in patients with type 1 and type 2 diabetes mellitus, this insulin has been also used in conjunction with oral hypoglycemic drugs such as sulfonylurea [16] [17] and mitiglinide [18] [19] .
In the present study, we showed that insulin glargine is more effective than NPH as an intensive replacement of basal insulin in both type 1 and 2 Japanese diabetes patients, especially in those whose glycemic control was difficult with NPH. Formulation of NPH insulin fails to provide stable and predictable 24-h basal insulin levels because the duration of action is too short following once-daily administration. Moreover, the absorption is too variable and the non-physiological peak of insulin levels leaves patients at high risk of hypoglycemia, especially at midnight. On the other hand, insulin glargine has a 24-h time-action profile with no pronounced peak, and thus provides better stability of glycemic control and reduced chance of hypoglycemia in type 1 diabetes patients. Several recent studies compared the efficacy of CSII and multiple daily insulin injection (MDI) using glargine in conjunction with premeal rapid-acting insulin in type 1 and type 2 diabetes patients. In type 1 diabetes, some reports showed that lower HbA 1C and premeal glucose levels were more achievable in CSII groups [20] [21] but others have reported CSII and MDI were equally effective [22] . On the other hand, the frequency of hypoglycemic episodes in these two regimens was not different in all reports. In other studies, both CSII and MDI were reported to achieve excellent glycemic control with good safety and patients' satisfaction in type 2 diabetes [23] [24] . Thus, our results are consistent with these previous reports that supplementation of basal insulin with glargine was superior to that with NPH insulin but as equally effective as continuous preprogrammed basal supplement with CSII, at least in Japanese type 2 diabetes.
We also examined the long-term efficacy of insulin glargine after switching from NPH insulin, as an intensive replacement of basal insulin in both type 1 and type 2 diabetes. To our knowledge, only a few studies examined the long-term efficacy of glargine in type 1 diabetes and virtually none in type 2 diabetes (24 weeks was the longest duration of treatment). The usefulness of glargine in MDI was evident in the third tertile of baseline HbA 1C both in type 1 and type 2 diabetes patients. The reason for the superior efficacy of glargine in MDI therapy in patients with the worst HbA 1C , is not clear at present. However, we postulate the following mechanisms: 1) Ample supplementation of basic insulin was necessary in these patients. The dosage of glargine could be increased in these patients without hypoglycemic shock, compared with NPH insulin at baseline. Dose escalation of NPH insulin may not be appropriate or adequate dose modification could not be done by risk of hypoglycemia. 2) Longer or ubiquitous supplement of basic insulin was necessary in these patients. The half life of NPH insulin was too short to provide adequate cover throughout the 24 hours. Patients of the first and second tertiles may require a sufficient dose and duration of NPH insulin as the basal insulin, and thus one would expect no differences between such treatment regimen and glargine.
In conclusion, our results suggested that insulin glargine is more effective than NPH insulin as an intensive replacement of basal insulin in Japanese type 1 and
